Within recent years the "classical" interpretation of electrocardiograms of bundle branch block, which was based on Lewis's work on dogs (1) , has been questioned. Wilson and his coworkers (2) came to the conclusion that the bundle branch actually involved was just the reverse of the "classical" interpretation. These conclusions were based on the relative time of initial negativity of the two ventricles in man in bundle branch block as presumably given by so-called " semi-direct " leads from the chest wall over the right and left ventricles. The criterion used in such measurements, namely the point in the QRS group of the electrocardiogram where the deflection first begins to rise, has not been shown conclusively to indicate the activation of the region beneath the electrode. The second line of evidence is based on the appearance in ordinary indirect leads of extrasystoles produced experimentally in a clinical case of pericardial fistulae and pericarditis (Barker, Macleod and Alexander (3)) recently confirmed on another subject by Marvin and Oughterson (4) . The direction of the QRS group of the extrasystoles from the two ventricles was just the reverse of that anticipated on the classical theory of Lewis. The evidence, however, is not convincing that these hearts were normal in size and position.
Some years ago Fahr (5) claimed to have shown on theoretical grounds that the classical interpretation of bundle branch block reversed the bundle branches. It has furthermore been known for a long time that while right bundle branch block was the more common electrocardiographic diagnosis, yet at autopsy left bundle branch block was more common (cf. Taussig (6) ). It must be pointed out that the electrocardiographic and autopsy findings in individual cases do not always agree -in some cases they do, (Hill (8) , Taussig (6) ), in others they do not, (Oppenheimer and Pardee (7) , Mahain (14) ). The problem is further complicated by the fact that the electrocardiographic evidence of bundle branch block can be present without any demonstrable anatomical lesion.
1 Aided by the Emil and Fanny Wedeles Fund of the Michael Reese Hospital for the Study of Diseases of the Heart and Circulation.
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The foregoing argument concerning bundle branch block would apply with equal weight to extrasystoles of ventricular origin.
Recently, in reviewing the subject of bundle branch block one of us, (Katz (9) ), came to the conclusion that some of the difficulty involved in interpreting the electrocardiogram in bundle branch block was due to variations in the position of the heart in the chest and in the amount and distribution of ventricular hypertrophy and dilatation. Evidence has been presented on the isolated preparation, (Boden and Neukirch (10)), in the open-chested dog, (Meek and Wilson (11) ), and in man, (Nathanson (12) ), that shifting the heart's position altered the direction and amplitude of the major initial deflection in the electrocardiogram. The changes were for the most part those anticipated, except when the heart was rotated on its own long axis.
In the present study an attempt was made to analyze the changes, produced in different positions of the heart, in the electrocardiographic appearance of ventricular extrasystoles, derived from fixed points in the dog's ventricle.
EXPERIMENTAL METHODS
The experiments were made on seven dogs, anesthetized with barbital, with open chest and artificial respiration. Pairs of platinum electrodes were inserted in four regions of the heart, to wit, the base of the right ventricle, the apex of the right ventricle, the base of the left ventricle and the apex of the left ventricle. The wires from these electrodes were coiled and suspended from an insulated rod. By means of a distributor the current for producing the extrasystoles was sent at will to any of these regions. A modified Lewis rotating current interrupter was employed to induce the extrasystoles. The rate of these stimuli was adjusted so that an extrasystole was induced every third or fifth beat at approximately the same point in diastole. In three of the experiments the heart rate was controlled by another set of commutators connected to the same rotating pole that had the commutators for the extrasystoles. In this fashion a constant exact placement of the extrasystole in the heart cycle was obtained. It was found, however, that this refinement was not necessary if the extrasystoles were placed late in diastole.
The position of the heart was adjusted by proper traction on three threads sewn into the heart, one in the apex, one on the lateral wall of the left ventricle, and one on the lateral wall of the right ventricle. Six positions of the heart were used, viz.:
1. Heart horizontal and apex pointing caudad.2 2. Heart's apex up to form an angle of approximately 500 with the long axis of the body, apex pointing caudad.
3. Heart's apex up 250, and to the left 300 of the long axis of the body. 4 . Heart's apex up 250, and to the right 300 of the long axis of the body. 5. Heart's apex up 250, to the left 150 of the long axis of the body, and heart rotated on its own long axis to bring right ventricle more anteriorly.
6. Heart's apex up 250, to the right 150 of the long axis of the body, and heart rotated on its own long axis to bring left ventricle more anteriorly.
While it was attempted to make the shifts as simple as possible, displace-2The normal position of the heart's apex is 250 up from the horizontal. 1222 ments in other planes and rotation in moving the heart between positions in the first two pairs of positions (1 and 2, 3 and 4) could not be avoided. The electrocardiograms, usual leads, were taken in each of these positions in quick succession in the following order: Lead I was taken with the distributor arranged to give extrasystoles first in the base of the right ventricle, then in the apex of the right ventricle, then in the base of the left ventricle, and then in the apex of the left ventricle. Leads II and III were taken with extrasystoles produced in the same order. Each record was standardized.
The amplitude of the major initial deflection in each record was measured and corrected for standardization. When a P wave fused with the QRS group, this was taken into account, to avoid error with large P waves. A positive major initial deflection was designated by plus, a negative one by minus.
When the two phases were of almost equal amplitude they were both measured and placed with proper sign one after the other. These measurements are assembled in Table I . The change in the so-called electrical axis associated with the shift in the heart's position was determined by using Einthoven's vector analysis. The shift in electrical axis was determined between each pair of heart's positions, viz., positions 1 and 2, positions 3 and 4, and positions 5 and 6 above. This was facilitated by means of the twelve diagrams in Figure 1 .
Since it has been shown by Zeisler (13) that Einthoven's vector is only a rough estimate, and since the three leads were not taken simultaneously nor are the peaks of the major deflections in the three leads necessarily homologous points, this analysis is to be considered no more than a rough estimate of the changes in the manifest potential. Nevertheless, as will be shown below, striking changes were found. The arrows on the three sides of the triangle give the direction and relative magnitude of the projection of the "manifest potential" in each lead. As pointed out in the text, Einthoven's analysis is only a rough estimate.
RESULTS
It was found that as the apex of the heart was raised 500 from the horizontal, the amplitude of the major initial deflection of the sinus and extrasystolic beats decreased (cf. Table I and ; t t , WVhen a diphasic QRS is present the amplitudes of both phases are given, in order of their appearance. various positions of the heart). The variability in the shift of the electrical axis to the right or left is shown in Table II . The shifts of the electrical axes of the various extrasystoles in a single experiment were not proportional to each other nor to the shift in the electrical axis of the sinus beat. In fact, in practically every one of the experiments the shift in electrical axis was in an opposite direction in some beats to that in others of different origin. Usually the deflections were larger when the apex of the heart was to the right of the long axis of the body than when the apex was to the left. The deflections were also larger when the right ventricle was rotated anteriorly than when the left ventricle was rotated anteriorly, although there were many exceptions (Table I) .
It was found that moving the heart's apex from right to left in relation to the long axis of the body with or without rotation of the heart on its own long axis (viz., positions 3 and 4, 5 and 6) also gave a lack of proportionality in amount and a discordancy in direction of the shift of the electrical axis of the various types of beats (Table II) . Furthermore, while the shift of the electrical axis was in the same direction as the shift in the anatomic axis in most types of beats when the heart's apex was moved from right to left of the long axis of the body with practically no rotation of the heart on its own long axis, the shift of the electrical axis 123 1 VENTRICULAR EXTRASYSTOLES was opposite in direction to that of the anatomic shift in most types of beats when this movement of the heart's apex was simultaneous with rotation of the heart on its own long axis (Table II) . This result agreed with the observations of Boden and Neukirch (10), AMeek and W ilson ( 11), and Nathanson (12) on the sinus beats. We have not only confirmed these results but have shon-n that they apply also to ectopic beats arisinlg in various parts of the ventricle. The variations in the shift of the electrical axes gave rise, as might have been expected, to reversal in the direction of the major deflection of the QRS group in a number of instances. The frequency of this occurrence has been summarized in Tables III and I\; and typical examples are Figure 2 (cf. Lead III of RVA and LVA). Thus in Figure 6 , when the heart's apex is shifted from the right to the left of the long axis of the body, the major initial deflection of the extrasystole increases in Lead I, decreases in Lead II and becomes inverted in Lead III; the QRS group of the sinus beat changes from a small inverted to an upright deflection in Lead I, decreases in size in Lead II, and becomes inverted in Lead III. In Figure 7 initial deflection of the extrasystole increases in size, especially in Lead II, while in Lead III it becomes inverted on shifting the heart's apex from the left to the right of the body's long axis. At the same time the sinus beat became more upright in all leads. In Figure 8 the changes are particularly striking since the major initial deflection is reversed in the two positions in Leads II Im 1235 VENTRICULAR EXTRASYSTOLES
DISCUSSION
The lack of proportionality of the changes, and the shift in opposite directions in the electrical axis of the various extrasystoles in a single experiment shows that the shift in the anatomic axis is not the only factor involved. The disparity arises from the fact that potentials set up by these extrasystoles act in three dimensions. Changes in the position of the heart therefore will change the projection of the vector in three dimensions cast on the plane formed by the three leads.3
The projection of this " three-dimensional " vector on the plane of the three leads varies monotonically with the inverse of the angle which it forms with this plane. When the position of the heart is changed, the angles between the three-dimensional vectors of the extrasystoles and the plane of the three leads are altered unequally and sometimes in such a "Tay that the projections on this plane move in opposite directions, as can he seen from the diagram of Figure 9 . This is particularly important A and B are the projections of the two vectors on the plane of leads. I The projection on the plane of the three leads of the vector in three dimensions has been termed the electrical axis of the heart in this paper, since it is commonly so used. 1236 since rotation of the heart on its own long axis has such a tremendous influence, and since it is impossible to move the heart without changing the relation of the chambers to the plane of the leads.
In other words, we can view the movement of the heart in three dimensions as bringing into prominence the effect of new regions and decreasing the effect of the old ones. This may bring about a new balance in the plane of the leads in a direction opposite to the shift in the projection of the anatomic axis in this plane. Results such as presented in this report reemphasize the fact that the three standard leads constitute only two dimensions of the three dimensional potential differences set up by the heart.
The ability, by shifting the position of the heart, to reverse the direction of the major initial complex of ventricular extrasystoles evoked from fixed spots shows that the position of the heart and its configuration cannot be ignored in analyzing the origin of extrasystoles and the location of bundle branch block. Furthermore, these results would tend to show that the configuration of the electrocardiograms of the extrasystoles induced in the human heart by Barker, Macleod and Alexander (3) and by Marvin and Oughterson (4) may have been distorted by rotation and change in position of the heart or by dilatation of the ventricular chambers, and it would be hazardous to assume without further proof that their results can be applied to the normal human heart.
Although the changes observed in our experiments are probably more marked than occur in man they are nevertheless applicable since rotation of the heart on its own long axis has the greatest influence on the electrical axis. Hypertrophy and dilatation by changing the relation of the heart's chambers to each other probably have the same influence as rotation of the heart on its axis, and such changes are probably as marked as those produced by these rotations. In favor of this view is the fact that deviations just as marked as in our experiments sometimes occur in the electrical axis of the sinus beats in human hearts.
The results confirm the impression previously stated, that changes in the heart's position resulting from displacement or from dilatation and hypertrophy of the ventricles may be responsible in many instances for the discrepancy between the electrocardiographic and postmortem diagnosis of bundle branch block. The frequency of preponderant left ventricular hypertrophy can explain the inversion of the major initial deflection in Lead III. In other words, the bundle branch block increases the duration of the QRS group and the preponderant hypertrophy determines the direction of the major deflections.
In the present state of knowledge and with the variability in direction of the QRS group which these experiments show can be produced by changing the position of the heart, it would be preferable not to attempt to locate the site of origin of ventricular extrasystoles and, for the same 1237 VENTRICULAR EXTRASYSTOLES reason, bundle branch block. Instead, the diagnosis should be given as follows: intraventricular block of the so-called bundle branch block type.
We have found a similiar result with experimentally produced bundle branch block (Ackerman and Katz (15) ). SUMMARY 1. Studies were made of the effect, in the open-chested anaesthetized dog, of changing the heart's position on the electrocardiograms of induced extrasystoles. The shifts of the heart were (a) in an anteroposterior direction on the transverse axis at its base, (b) in a lateral direction on the anteroposterior axis at its base with practically no rotation on its long axis, and (c) rotation on its long axis (which runs from the base to apex) with some movement in a lateral direction on the anteroposterior axis at its base. The extrasystoles were induced in four regions, viz., the base and apex of the right and left ventricles.
2. The electrical axis of the various extrasystoles did not move the same amount nor always in the same direction when the heart was shifted. The electrical axis moved in the same direction as the anatomic axis in most types of beats when practically no rotation on the heart's own long axis accompanied the change in the heart's position. The electrical axis moved in a direction opposite to the anatomic axis in most types of beats when the heart was rotated on its own long axis at the same time.
3. Many times the direction of the major initial deflection of the extrasystoles was reversed in one or more leads.
4. The results are attributed to the unequal movements of the socalled three-dimensional vectors of the various extrasystoles when the heart was shifted. This resulted in an unequal and at times opposite movement of the projections of these three-dimensional vectors on the plane of the three leads.
5. The reversal in direction of the QRS group of ventricular extrasystoles, which often accompanied changes in the heart's position, shows (a) that the configuration and position of the heart cannot be ignored in analyzing the site of ventricular extrasystoles and bundle branch block in man, and (b) that the direction of the QRS group of extrasystoles induced in the two patients reported with pericarditis and pericardial fistula may not be applied to the non-diseased human heart without consideration of the other factors involved.
6. On the basis of these results it would be unjustified to attempt to localize the site of ventricular extrasystoles or of bundle branch block from the direction of the major initial complex in the three leads of their electrocardiograms. 1238 
